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Reduced Form of Coenzyme Q in High Bioavailability 
Stable Dosage Forms And Related Applications 

Field of the Invention 

The present invention relates to a reduced 1 c ; m of Coenzyme Q also known as 
IJbiquinol in a gelatin capsule, preferably a soft gelatin capsule, in oral administrable form as 
well as other forms. Compositions according to the present invention exhibit unexpectedly 
high bioavailability of the reduced (active antioxidant) form of Coenzyme Q. These 
compositions can be used to treat niucnerous condifi^T: ; ~ disease states induing, for 
example, those conditions or disease states which are associated with oxidative tissue damage 
or mitochondrial dysfunction, including reduced mft^ 

mitochondrial encephalomyolopathies, cardiomyopathies, heart disease, expecially including 
congestive heart failure, ischemia/reperfusion tis€ aaage, neurodegenerative disorders, 
including Alzheimer's disease, dementia and PaLi^ ^ yii's disease, blood pressure, 
periodontal disease, a weakened immune system and high cholesterol or high triglycerides, 
among numerous others., in fact, the compositions can be used to treat any disease state or 
conation in which coenzyme Q 10 is used but is les ow 
bioavailablity. 

Background of the Invention 

The use of dietary supplements has become an increasingly common approach to 
obtaining and maintaining good health. One of these dietary supplements, Coenzyme Q, is a 
vitamin-like substance which is used to treat congestive heart failure and other cardiac 
problems. Coenzyme Q is the best known of a group of lipophilic quinones which have the 
capacity to transfer reducing equivalents or electrons within a lipid phase of cellular 
membranes. Other quinones of this general lipophilic type found in cells are of diverse 
species. A few include, for example, rhodoquinone, menaquinone, plastoquinone, 
chlorobiumquinone, thermoplasmaquinone and phylloquinone. See, Collins, 1985. Methods 
in Micobiol. 18: 3 29-3 6" 0. It is postulated that the diene dione chemical structure of these 
compounds provides a platform for the transfer of one or two electrons and associated protons 
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within the lipid bilayers of ceils or to and torn hydrophobic redox center in proteiias. 

Reduced benzoquinones in general are effective reduetants for o^^ 
radicals. Early studio showed that reduced coenzyme Q is an effective antioxidant. See, 
Mellors and Tappel, 1996, J. Biol, Chem.. 241: 4353-4356, Reduced coenzyme Q now 
appears to fraction as part of a con^lex diain of antioxid^ activity. The most important 
role of coenzyme Q can be in reduction of radicals of a-tocqpherol and ascorbate formed 
when these antioxidants are oxidized by oxygen ot caA There are no enzymes 

for direct reduction of tocopheryl radical or external ascorbate radical, but there are enzymes 
in all membranes which can reduce coenzyme Q and the reduced coenzyme Q can reduce the 
tocopheryl or ascorbate radicals to restore tocopherol or ascorbate. Without the support of 
enzymes to reduce coenzyme Q, the reduced coenzyme Q would not be a very effective 
antioxidant because 1ke semiquinone formed by intera^ 
readily autooxidized with formation of a superoxide radical. 

The enzymes involved in coenzyme Q reduction are the primary dehydrogenases for 
succinate. NADH or other substrates in mitochondria, the M^5H cytochorome b 5 reductase 
in endo and plasma membranes and DT diaphorase or NADPH dehydrogenase enzymes 
primarily located in the cytosol. Villalbe, et al.. Proc. Natl. Acad. Sci. 92:4887-4891 (1995); 
Beyer, et al„ Molec. Aspects Med. . 1 SCS): 15-23 (1997); and Kishi, et al., Molec. Aspects 
Med,. 1 8(S): 71-77 (1997). 

Coenzyme Q in endo membranes or plasma membranes is extensively in the reduced 
form, most of the coenzyme Q in total rat and human tissue is in the reduced form and most 
of the coenzyme Q in serum is in the reduced state. See, Takahashi, et al.. Lipids. 28: 803- 
V- 809, (1993); Aberg, et al., Arch. Biochem. Biophvs.. 295: 230-234 (1992); and Yamamoto 
and Yamashita, Molec. Aspects Med.. 18 (S) (1997). 

Studies performed to date have not focused on the differential uptake and 
bioavailability of one form of coenzyme Q versus another form of coenzyme Q. Nor has the 
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ait recognized the desirability of using ubiquinol as an active pharmacological agent to 
enhance the bioavailability of coenzyme Q ftom oral and. other fonnulations. 

Objects of the Invention 

It is an object of the invention to provide storage stable compositions for 
administering a reduced form of coenzyme Q. 

It is an additional object of the invention t provide a method for enhancing the 
bioavailability of coenzyme Q to patients by administering effective amounts of coenzyme Q 
in a reduced form. 

It is also an object of the present invention to provide an economical means for 
making ubiquinol-eoirtaming compositions torn the more readily available and economical 
coenzyme Q I0 (Ubiquinone). 

It is an additional object of the invention to provide methods of treating or reducing 
the effects of a number of disease states or conditions. 

It is yet another object of the invention to provide compositions which contain 
ubiquinol,, a reducing agent and optionally, a therapeutic reducing agent in order to provide 
effective compositions for the prevention and treatment of a number of dr ase states, 
conditions or ailments. 

One or more of these &nd/or other objects of the present invention may be readily 
gleamed from the detailed desc ption of the invention which k>Uows. 

Summary of the Invention 

The present invention relates to novel storage stable compositions in dietary 
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supplement, cosmetic or pahrmaeeutieal dosage form (preferably oral dosage form) 
comprising effective amounts of ubiquinol, a reduced form of coenzyme Q, in combination 
with an amount of a lipid soluble reducing agent effective to maintain ubiquinol in its reduced 
state when preferably -formulated in a soft gelatin capsule. Cerapositions according to the 
present invention maybe used for treatment of heart ailments and diseases such as congestive 
heart failure, high blood pressure, mitoctodiGmdrial disorders, including mitochondrial 
cytopathies including encephalomyopathy, Keams-Sayre and Alpers disease, mitochondrial 
encephalopathy with lactic acidosis and stroke-like episodes (MELAS), Levers hereditary 
optical neuropathy ^ ^ anoxia, lactic acidosis, stroke-like symptoms and 
neurodegenerative diseases. Compositions according to the present invention may also be 
used to deter and/or treat periodontal disease, as well as lower elevated cholesterol levels in 
patients and to strengthen a weakened immune system as well as regulate (generally by 
reducing) the triglycerides in the blood. In addition, the use of ubiquinol to aid in the 
prevention of reperfiision injury of the heart is another potential use of the present invention. 
Compositions according to the present invention may optionally comprise an effective 
amount of a therapeutic reducing agent or other therapeutic agent which acts to enhance the 
effects of ubiquinol (in some cases, synergistically) in treating or reducing the effects of a 
disease state, condition or ailment. Methods of treating or reducing the effects of a disease 
state, condition or ailment using the compositions according to the present invention are also 
contemplated by the present invention. 

Preferred therapeutic agents for inclusion in compositions according to the present 
invention may include, for example, HMG CoA reductase inhibitors such as the statin drugs, 
including, for example, lovastatin, pravastatin, fluvastatin, simvastatin, mevastatin, 
fluindostatin, atorvastatin, cerivastatin, compactin among others, for their cholesterol and 
LDL lowering, and triglyceride regulating effects, L-carnitine 5 acetyl L-carnitine and 
propionyl L-carnitine; alpha lipoic acid (thioctic acid) or reduced alpha lipoic acid; omega-3 
fatty acids, tocotrienols and tocopherols. Whereas the statin drugs are included in 
compositions according to the present invention to produce down regulation of cholesterol 
and triglyceride levels, the combination of ubiquinol and the statin drugs is particularly 
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effective for benefitting heart patients especially ischemia, ischemic or dilated 

cardiomyopathy, or those patients at risk for suffering a first or subsequent heart attack or 
who are at risk of having a stroke. Conq>ositions which comprise elective amounts of L- 
caniitine, aee^L^camitine and propionyl L-carnitine are also particularly useful for treating 
patients with anoxia, including myocardial anoxia and cer^ 

Compositions which comprise ubiquinol and alpha lipoic acid (thioetic acid) are particularly 
useful for influencing glucose metabolism and treating diabetes, as well as enhancing a 
patient's immune response as well as reducing inflammation. Compositions according to the 
present invention which include omega-3 fatty acids are especially useful in treating coronary 
disease as well as substantially reducing the risk that apatient at risk will suffer a first or 
subsequently heart attack. In addition, such compositions are useful in down regulating 
triglycerides in the blood. Compositions according to the present invention which include 
tocotrienols and/or tocopherols are useful for reducing cholesterol levels in patients and 
treating patients with heart disease inclnding those patients at risk for suffering a first or 
subsequent heart attack or who are at risk of having a stroke. 



Compositions according to the present invention are particularly effective because the 
ubiquinol is presented in a form which promotes exceptionally bfoavailability, thus 
producing excellent pharmacokiiietics with more agent being delivered to the active site 
within the patient. 



It is an unexpected result that formulations comprising ubiquinol in soft or hard gel 
capsules, when administered to patients, exhibit a bioavailability of ubiquinol which is 
substantially greater than when ubiquinone is administered in oral dosage form, preferably 
soft gel capsule form. Thus, the present compositions ^ 

substantially enhancing the bioavailability of Coenzyme Q 1G in the patient's blood stream of 
an orally administrate form of ubiquinol. The enhanced bioavailability of compositions 
according to the present invention translates into effective treatments for numerous disease 
states, conditions or ailments including, for exampe, those conditions or disease states which 
are associated with oxidative tissue damage or mitochondrial dysfunction, including anoxia, 
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reduced mitochondrial oxidative fimction, mitochondrial cytopathies, cardiomyopathies, 
heart disease, expecially i^ heart failure, isdaemia/r^erfusion tissue 

damage, neurodegenerative disorders, including Alzheimer's disease, dementia and 
Parkinson's disease, high blood pressure, periodontal disease, a weakened immune system 
and high cholesterol or high triglycerides, among numerous others. In certain preferred 
embodiments, composilions according to the present invention may include additional 
therapeutic agents, for example, statin drugs, L-camitine, aeelyl-I^Ganiitine and propionyl L- 
caroitine, carnitine fumarate, omega-3 fatty acids or tocotrienols and/or tocopherols which are 
especially useM for treating individuals with heart disease and for reducing the likelihood 
that a patient at risk will suffer a first or subsequent heart attack. 

In addition to oral dosage forms of nbiquinol, the present invention also contemplates 
compositions which may be used as topically administered creams or lotions for the treatment 
of wrinkles and other conditions of the skin (dermal conditions) where coenzyme Q exhibits 
an effect, suppositories for rectal or vaginal administration of nbiquinol, lozenges, gum, 
mouth rinse and toothpaste fbrmnlations, the gum and toothpaste forms especially for use in 
treating and/or preventing periodontal disease. 

Detailed Description off the Invention 

The term "coenzyme Q" or "ubiquinone" is used throughout the present specification 

* 

to describe a group of lipid soluble benzoquinones involved in electron transport in 
mitochondrial preparations, i.e., in the oxidation of succinate or reduced nicotine adenine 
dinucleotide (NADH) via the cytochrome system. According to the existing dual system of 
nomenclature, the compounds can be described as: coenzyme Q„, where nis 1-12 or 
ubiquinone (x) in which x designates the total number of carbon atoms in rthe side chain and 
can be any multiple of 5. Differences in properties are due to to the difference in the chain 
length. The preferred ubiquinone for use in the present invention is the reduced form of 
coenzyme Q 10 (Ubidecarenone) or ubiquinol. 
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Coenzyme Q 10 (n=10) 
Ubiquinone 

The term 4 ubiquinol" is used Ihroughout the specification to describe the reduced 
form of coenzyme Q which is used as the active ubiquinone in compositions according to the 
present invention 7 xk ubiquinol, the quinone ring of coenzyme Q is reduced such that the 
structure of to: . v^pound appears as set forth below. In ubiquinol, n is preferably 10 and is 
derived fromeoen2yme Q, 0 . The amount of ubiquinol whk^ 

according to the present invention ranges from about 0.1% to about 50% by weight of the 
final composition which is eruj^sulated m a soft gelatin capsule, more preferably about 0.5% 
to about 10% by weight, even more preferably about 1% to about 5% by weight. The 
amount of ubiquinol which is included in compositions to be encapsulated ranges from about 
0.1 to about 10.0 mats . more preferably about 1 to about 3 times the amount (in weight 
percent) of the lipid soluble reducing agent which is included in compositions according to 
the present invention. 
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Ubiquinol <n==10 preferred) 

The term "reducing agent' ' is used throughout the specification to describe 
pharmaceutically acceptable reducing agents which are added to the compositions according 
to the present invention in effective amounts to convert ubiquinone to ubiquinol during 
inanufacturiiig and/or to substantially reduce oxidation of ubiquinol to ubiquinone 
(Coenzyme Q) during manufacturing and/or storage of the oral or other dosage forms of 
compositions according to the present invention. Preferred reducing agents include any 
reducing agent which is ccmipatMe with uta form and is capable of 

providing the requisite reducing activity to stabilize ubiquinol for storage. Preferred reducing 
agents for use in the present invention, include, for example, reduced glutathione, L-cysteine, 
N-acetyl cysteine, reduced alphaJipoic acid (DHLA), tocotrienols, tocopherols, including 
vitamin E and vitamin E esters, vitamin c (ascorbate) and vitamin c esters, vitamin A (retinol, 
retinoic acid) and vitamin A esters, carotenoids, including alpha carotene, beta carotene, 
lutein, zeaxanthin, astaxanthin, lycopene, flavonoids, L-carnitine, acetyl L-carnitine, 
propionyl L-camitine, magnesium, zinc, selenium, manganese, riboflavin, niacinamide, 
curcuminoids, proanthocyanidins from grape seed extract and pine bark e^art, MADH, 
J^WlDPH, resveratrol, bilberry extract, milk thistle extract and omega-3-fatty acids from for 
example, fish oils and marine lipid concentrate). Preferably, the reducing agent is a lipid 
soluble reducing agent for example, ^-tocopherol (vitamin E), tocopherol esters, ascorbate 
esters such as ascorbyl palmitate, among others, alpha carotene and p-carotene, lycopene, 
flavonoids, riboflavin, curcuminoids, retinol (Vitamin A), retinoic acid, retinoic acid esters, 
retinol acetate, retinal and related reducing agents, preferably those which may also be used 
as additives in dietary supplements. While not being limited by way of theory, it is believed 
that the inclusion of a lipid soluble reducing agent, including lipid soluble reducings agents 
which are also biologically active, is preferred because such a composition provides a 
reducing agent which will most greatly compatibilize with the ubiquinol, resulting in reduced 
oxidation of the ubiquinol, thus producing greater stability. Preferred lipid soluble reducing 
agents are those which are also soluble in the solvents (such as a polyhydric alcohol glycerine 
or propylene glycol) which may be used to prepare hydrosoluble compositions comprising a 
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reducing agent and ubiquinol. A lipid soluble reducing agent for use in the preset invention 
comprises about 0.05% to about 25% by weight of the composition which is included in soft 
gelatin capsules, more preferably about 1% to about 15% to weight. The ratio of reducing 
agent to ubiquinol in compositions according to the present invention generally ranges from 
about 0.1:1 to about 10:1, more preferably about about 1 :5 to about 5: 1, more preferably 
about 1:1 to about 3:1. in embodiments according to the present invention whi^ 
in situ preparation of ubiquinol from ubiquinone, the amount of reducing agent which is used 
in the reduction reaction is preferably an excess of that amount required for the reduction 
reaction. The remaining reducing agent may then be incorporated into the final fonnulations 
in order to promote the storage stability of the ubiquinol. 

While not being limited byway of theory, it is believed that effective concentrations 
of reducing agents convert substantially all ubiquinone to ubiquinol during manufacturing in 
an efficient method lor preparing ubiquinol. In other embodiments, effective concentrations 
of reduce agents also prevent ubiquinol from being oxidized to ubiquinone, or alternatively 
reduce dnone which has been oxidized from ubiquinol during storage of the 

composMi^.: cording to the present invent 

■ 

The term "therapeutic reducing agent" is used to describe those reducing agents which 
are reducing agents for use in the present invention and which may also be used as additives 
in dietary supplements or alternatively, as therapeutic agents to effect or aid in producing an 
intended biological result. 

The term "solvent" is used ttooughout the specification to describe a liquid into which 
the ubiquinol and reducing agent is at least partially sokr lized, either alone or pre My in 
combination with a surfactant as otherwise described hesin, is added. Solvents *e in the 
present invention include any hydrophilic solvent which is pharmaceutieally acceptable and 
which can be used as a solvent, which alone, or in combination with surfacants as otherwise 
described herein, dissolves ubiquinol and the reducing agent. Preferred solvents for use in the 
present invention include ethanol and "polyhydric alcohols" a term which is used throughout 
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the present invention to describe any one or more pharmaeeutiealiy compatible polyhydric 
alcohol compounds which are used to solubilize ubiquinol and the reducing agent used in 
compositions according to the present invention. Polyhydric alcohols which may be used in 
the present invention include, for example, glycerin (glycerol), propylene glycol and 
mixtures, thereof. The amount of solvent which is used in the present compositions ranges 
from about 0.25% to about 50% by weight, preferably about 1 % to about 25% by weight, 
even more preferably about 1.5% to about 15-20% by weight 

The term "suifectanf * or "emulsifier" is used interchangeably to describe preferred 
additives to compositions according to the present invention. Surfactants are solubilizers 
(such term being used to describe a compound, including a surfactant, emulsifier, vegetable 
oil or solvent, among others in the present invention) which renders ubiquinol and the 
reducing agent soluble) which are used to promote the solubility of the ubiquinol and the 
reducing agent in the polyhydric alcohol. These may be used alone or in combination with a 
solvent and/or a vegetable oil. The amount of surfactant used in the present invention ranges 
from about 0.1% to about 95% by w^gbt, more preferably about 1.5% to about 95%, 
preferably about 5% to about 90% by weight. Surfactants for use in the present invention are 
pharmaeeutiealiy acceptable and include, for example, complex esters or ester-ethers prepared 
from hexahydric alcohols, alkylene oxides and fatty acids. Surfactants which exist in the 
liquid state at temperatures at or less than formulation temperature (generally, about 80 ° G or 
less, more preferbly about 50-60°) are preferred because they can also function as co-solvents 
or co-solubilizers in the present compositions. Exemplary surfactants include Span*" 1 
surfactants and Tween tm (polysorbate) surfactants, which are well-known in the art for use as 
stabilizers, surfactants, emulsifiers and thickeners in foods, cosmetics and medical products, 
among others. Preferred surfactants are those which are in a liquid state during formulation 
such that the surfactant may also function as a solubilizer (i.e., it has solvent-like properties). 
A mixture of surfactants, including a mixture of Span 1 ™ and Tween*" 1 surfactants, most 
preferably, Span tm 80 and Tween*™ 80, is preferred for use in the present invention. 

The Span* 11 surfactants are partial esters of common fatty acids, such as lauric acid, 
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palmitic acid, stearic acid and oleic acids and hexitol anhydrides such as hexitans and 
hexides, derived from sorbitol (see below). In the case of Span 20, the sorbitan fetty ester is 
based upon laurate ester. In the case of Span 60, the ester is based upon stearate ester and in 
the case of Span 80, the ester is based upon oleic ester. The hydrophilic character of the 
Span*™ surfactants is supplied by free hydroxyl and oxyethylerie groups, while the lipophilic 
character is provided by the long chain fatty groups. The Span"" surfactants tend to be oil 
soluble and dispersible or insoluble in water. However, these surfactants work in tandem 
with the more water soluble polyhydric alcohol to provide a soluble ubiquinol for soft gel 
formulations according to the present invention. The useof Span.80 in formulating 
compositions according to the present invention is preferred. 




R = Fatty acid residues 



Span 

The Tween tm or polysorbate type surfactants are c ieate esters of sorbitol and its 
anhydrides copolymerized with a number of moles of c i ene oxide per mole of sorbitol and 
sorbitol anhydride. The Tween tm or polysorbate type surfactants are derived from Span** 
materials by polymerizing polyoxyethylene groups onto the nonesterified alcohols. The 
Tween*™ surfactants are soluble or well dispersible in water. Preferred Tween tm surfactants 
include a sorbitan mono-9-octadecenoate poly(oxy-l ,2-etheandiyl) derivative otherwise 
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known as Tween* 11 80 or Polysorbate 80. 



HO(c 2 H 4 o V 




vN (OC 2 H40)xOH 



CH(OC 2 H4G0yOH 



Polysorbate 80 

The sum of w,x,y and z is 20 and R== C^S^pO 

The term 'Mglyeerides" or "vegetable oil" is used thioughoxit the specification to 
describe an additive in compositions according to the present invention which may serve as a 
solubilizer or a eompatibilizer. This term is used as it is used by those of ordinary skill in the 
art, wherein fatty acids are esterifed at the free hydroxyl positions of glycerine, producing 
triglycerides, which are also the primary component of vegetable oils. Preferred triglycerides 
for use in the present compositions include vegetable oils including "medium chain 
triglycerides", which are tri-fatty esters of glycerol wherein the chain length of the fatty acids 
range from about 8-18 carbon units, preferably about 8-12 carbon units. These triglycerides 
are used as solubilizers, diluents and excipients, to compatabilize the formulations and 
promote uniformity . 

Vegetable oils for use in the present invention may include, for example, tri- 
glycerides which may be natural or synthetic (derived from esterification of glycerol and at 
least one organic acid, saturated or unsaturated, such as for example, such as butyric, caproic, 
palmitic, stearic, oleic, linoleic or linolenic acids, among numerous others, preferably a fatty 
organic acid, comprising between 8 and 26 carbon atoms). Glyceride esters for use in the 
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present indention include vegetable oils derived chiefly from vegetables, seeds or nuts and 
include, for example, soybean, sunflower, safflower and cottonseed oil; non-drying oils, for 
example castor and coconut oil; and other oils, such as, for example palm oil. Bydrogenated 
(such term preferably including partially bydrogenated) vegetable oils also may be used in the 
present invention. Animal oils are also contemplated for use as glyceride esters and include, 
for example, fats such as tallow, lard and stearin and liquid fats, such as fish oils, fish-liver 
oils and other animal oils, includmg s^ In addition, a 

number of other oils may be used, including C 12 to <^ 0 (or highe^ 
glyceride esters, which are described above) or any c^er pharmaceutically acceptable 



Phosphoglycerides, generally related to triglycerides in that they contain two fatty 
acid residues and a phosphate ester (generally, a diester) group off of the three hydroxy! 
groups of glycerine may also be added, alone or in combination with the triglycerides to help 
compatabilize or solubilize the reducing agent and/or the ubiquinone and/or ubiquinoL The 
phosphoglyerides may be added for their intrinsic dietary supplement value (for building 
muscle and nerve tissue, among other junctions). These compounds may be included in 
compositions ^ amounts ranging from about 0.25% to 

about 60% by weight, preferably about 0.5% to about 35% by weight. 



The term "storage" is used to describe compositions according to the present 
invention whereby the amount of ubiquinol in a composition after a storage period is at least 
about 90% by weight the total amount of ubiquinones (which includes ubiquinol and 
ubiquinone or coenzyme Q 10 ) within the composition. A storage period for purposes of the 
present invention is at least about one day to one week, preferably at least about 30 days 
(about 1 month), more preferably at least about 2 months, even more preferably at least about 
6 months and even more preferably at least about 1 year or, in certain cases, even longer. 



The term "patient" or "subject" is used throughout the specification to describe an 
animal, inmost instances a human, to whom administration of the compositions according to 
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the preset invention 

The term "effective amount" is used throughout the specification to describe 
concentrations or amounts of compounds according to the present invention which may be 
used to produce a favorable result, whether that result relates to a ccni^osition's therapeutic 
or physiological effect or its ability to function as a reducing agent to convert ubiquinone to 
ubiquinol during manufi^tining or to prevent and/or limit the change in or oxidation of the 
ubiquinol or to function as a solvmt m compositions according 

The term "hydrosohible" is used throughout the specification to describe prefeired 
compositions according to the present invention which are encapsulated in a hard or soft, 
preferably a soft gelatin capsule for oral administration to a patient or subject. The term 
hydrosoluble is used to indicate the fact that the contents of the gelatin capsule, preferably a 
soft gelatin capsule, are in a form which provides effective, rapid dissolution of the contents 
of the gelatin capsule in the gastric juices after the gelatin capsule dissolves in the patient' s 
gastrointestinal tract. 

The term "elevated temperature" is used throughout the specification to describe a 
temperature above ambient temperature and generally within a range of about 40 °C to about 
80 °C, preferably about 45-50 °C to about 55-60°C. 

The term "substantially ubicpmone-free" is used throughout the specification to 
describe a composition which contains ubiquinol and little or no ubiquinone. A substantially 
ubiquinone-free composition according to the present invention is a composition which 
contains ubiquinol and ubiquinone in a weight ratio of no less than 9:1, preferably no less 
than 19:1, even more preferably no less than 99: 1 . In certain preferred embodiments 
according to the present invention which are "ubiquionone-free", virtually no ubiquinone can 
be found in the ubiquinol used. 

The present invention is directed to a composition comprising an effective amount of 
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ubiquinol in combination with a reducing agent in an amount effective to substantially 
prevent oxidation of ubiquinol to ubiquinone and at least one surfactant or a vegetable oil 
(triglyceride), in an amount effective to solubilize the ubiquinol and said reducing agent, 
preferably in a hydrosoluble form. The composition is then formulated in oral dosage form, 
preferably in a soft gelatin capsule. Alternatively, in preferred dermal formulations, the 
compositions may be formulated for use in creams and lotions to treat conditions of the skin 
such, as wrinkles and suppositories for rectal and/or vaginal deliveiy of coenzyme Q. In the 
case of lozenges, gum, mouth rinse and toothpaste, these formulations are preferably used for 
the treatment of periodontal and related gum diseases. 

In the present invention, tile surfactant, where used, preferably comprises about 0.1% 
to about 95 % by weight, preferably about 1% to about 95% by weight of the composition, 
more preferably about 5% to about 80% by weight, even more preferably about 10% to about 
75% by weight. Hie surfactant for use in the present ^ Tween*" 1 
surfactant or a Span* 11 surfactant, preferably a mixture of a ^ 

surfactant in a weight ratio range of about 30: 1 to 2:1, more preferably about 15:1 to about 
5:1, even more preferably about 13:1 to about 5:1. Preferably, a mixture of Tween*" 80 and 
Span 1111 80 is used, optionally in combination with a solvent. While these weight ratios will 
serve to guide the relative amount and ratio of Tween 1 " 1 surfactant and Span 1 " 1 Surfactant to be 
included in compositions according to the present invention, one of ordinary skill will be able 
to readily adjust this ratio to accommodate the ubiquinol and the reducing agent in a 
compatible formula recognizing that the Span 11 " surfactants tend to be more oil soluble and the 
Tween*" surfactants tend to be more water soluble or dispersible. IMs information shall 
serve to guide the person of ordinary skill in formulating compositions according to the 
present invention, especially those formulations which do not mubs use of a lipid soluble 
reducing agent, but one which is more readily water/hydrophilic solvent soluble. 

The amount of triglyceride or vegetable oil which optionally may be used in the 
present invention may range from about 0.1% to about 99%, more preferably about 5% to 
about 5% to about 90%, more preferably about 10% to about 85%, even more preferably 
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about 15% to about 75%. The amount of triglyceride included in compositions according to 
the present invention will depend upon the desired characteristics which are contributed by 
the triglyceride to the final composition. For example, where the triglyceride is to ^ 
an amount effective to solubilize the ubiquinol and lipid soluble reducing agent, the amount 
of triglyceride ul^ because there may 

be no need to include one or more surfactants and/or solvents according to the present 
invention. However, siufactants and/or solvents may optionally be added to such 
formulations. Where surfactants and optionally, solvents are added to the compositions 
according to the present invention, the amount of triglyceride which may be added to the 
composition may vary at the lower end of the range as set forth above, especially where the 
reducing agent is Phosphoglyeerides may also be added to 

enhance the effect of the triglycerides in solubilizing and/or compaf abilizing the ubiquinol 
and/or the reducing agent. These phosphoglyeerides may also be added for their benefit as 
dietary supplements. 

Compositions according to the present invention are p^ in oral 

dosage form, even more preferably in hard or soft gelatin capsules, more preferably soft 
gelatin capsules, as the oral dosage form. The gelatin capsule is generally taken by the 
subject orally, ft is an unexpected resutt 

form results in a significantly enhanced bioavailability of ubiquinol (which is in equilibrium 
with ubiquinone within the patient) compared to similar compositions which contain 
ubiquinone alone. 

Alternatively, in certain preferred formulations, the compositions maybe formulated 
for use in creams and lotions to treat conditions of the skin such as wrinkles and suppositories 
for rectal and/or vaginal delivery of coenzyme Q. In the case of lozenges, gum, mouth rinse 
and toothpaste, these formulations may be used generally for systemic delivery of coenzyme 
Q or locally, primarily for the treatment of periodontal and related gum diseases. 

Compositions according to the present invention may also include a pharmaceutically 
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acceptable carrier, excipient or additive. Care must be taken to avoid having any one or more 
of these optional ingredients impact the solubility characteristics of the ubiquinol and 
reducing agent in the surfkrtant artd/or ^ 

Although ubiquinol can be produced as a first step and then added to the other 
components in making oral dosage forms according to the present invention, the preferred 
method is to provide for the is sife preparation of ubiqinnol firm less expensive and 
commercially i ubiquinone (ubiquinol is not commercially available.. In a preferred 

methodofm; i>mpositions according to the present ^ 

starling material, the components other than the coenzyme Q and, in certain cases, the 
reducing agent are added together at elevated temperature (generally, at a temperature of 
about 45^80 °C, preferably at a temperature of about 50-60°C) until the components are 
thoroughly mixed. At the point of thorough mixing at elevated temperature, the components 
are in a liquid state. Subsequent to mixing of the components, coenzyme Q 10 is added to the 
mixture at elevated temperature as described above and throughly mixed into the liquid 
components for a sufficient period. If the mixture to which the eoenryme Q is added contains 
an effective concentration of reducing agent, coenzyme Q will be converted to ubiquinol and 
the mixture can be used to provide oral dosage forms, preferably hard or soft gelatin capsules, 
even more preferably soft gelatin capsules. Inpreferred embodiments, after the coenzyme 
Q 10 is added, a reducing agent is thereafter added in an amount effective to convert the 
coenzyme Q to ubiquiiK or alternatively, in an amount which not only is effective to convert 
coenzyme Q to ubiquinol, but also effective to maintain ubiquinol in its reduced state. 

The solubilized composition containing ubiquinol, a reducing agent and a surfactant, a 
vegetable oil or both, ir. ; Is preferred liquid form is water-free and therefore, suitable for use 
in oral dosage f - , j . ably, in gelatin capsules, which are prepared by conventional 
means as those skilled m the art would readily recognize. In preferred embodiments 
according to the present invention soft gelatin capsules are used, although two-piece hard 
gelatin capsules may be used (especially where the liquid composition at elevated 
temperature solidifies at room temperature). Hard gelatin capsules for use in the present 
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invention are those which are well known in the art and comprise gelatin or 
hydroxypropylmeti^ cellulose or a related cellulosic material in combiantion with glycerin. 
Any other acceptable formula which is well known in the art may also be used to provide two 
piece hard gelatin capsules. Soft gelatin capsules may comprise, for example, gelatin, 
glycerin and sorbitol as well as other components wWc^ are well known in the art. Hie 
gelatin capsules are generally tasteless, easy to swallow and in the 

gastriejuices of the digestive tract. 

Alternatively, the compositions according to the present invention may be provided in 
tablet form using conventional tabletting methods well known in the art, for example, by 
adsorbing the composition onto a suitable solid carrier or excipient. Hie compositions 
according to the present invention can also be provided in a microencapsulated free flowing 
form. Enteric coated capsules or tablets are also contemplated by the present invention in 
order to enhance delivery of ubiqmnol from the upper gastrointestinal tract (primarily, the 
duodenum where most of the absorption occurs). Enteric coating capsules may be produced 
by coating a tablet with composition containing, for example, hypromellose phthalate, diethyl 
phthalate, polyethylene glycol or any other suitable composition containing pharmaceutical^ 
acceptable enteric coating ingredients. One of ordinary skill using standard pharmaceutical 
formulation and packaging practices will be able to readily prepare any one or more of the 
oral dosage forms according to the present invention. 

Alternatively, in certain preferred formulations, the compositions may be formulated 
for use in creams and lotions to treat conditions of the skin such as wrinkles using standard 
cosmetic and personal care product fornmlation techniques. In the case of suppositiories, 
compositions according to the present invention may be used in combination with an 
effective amount of a thickening agent to produce a formulation in suppository delivery form 
for rectal and/or vaginal delivery of delivery of coenzyme Q. In the case of lozenges, gum, 
mouth rinse and toothpaste, these formulations are produced preferably to be used for the 
treatment of periodontal and related gum diseases. In each instance where particular 
formulation is to be used, standard formulary processes and additives maybe used to 
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propduce the desired dosage form. Hie requisite types and amounts of additives, such as 
thickeners, additional surfactants and/or solvents, flavors, coloring agents, emollients, 
humectants, fillers, and additional biologically active compounds (such as anti-caries agents 
and the like), etc. will be used in ccfflabinatkm with abase fbarmulation to produce the desired 
final products. 

The concentration of ubiquinol in the compositions according to the present invention 
will depend on absorption, distribution, inae^ation, and excretion rates of the ubiquinol and 
its metabolites as well as other factors known to those of skill in the art. It is to be noted that 
dosage values will also vary with the severity of the condition to be alleviated. It is to be 
further understood that for any particular subject, specific dosage regimens should be 
adjusted over fern according to the individual need and the professional judgment of the 
person administering or supervising the administration of the compositions, and that the 
concentration ranges set forth herein are exemplary only and are not intended to limit the 
scope or practice ^e claimed composition. The active ingredient, ubiquinol, may be 
administered at * or may be divided into a numb^ of smaller d^ 
varying intervals oi time. 

The active compound of the present invention can also be mixed with other active 
materials that do not impair the desired action, or with materials that supplement the desired 
action provided that the added materials do not change the activity of the included 
compounds. 

Administration of the active may range from com: ;uous (intravenous drip) to several 
oral administrations per day (for example, Q.I.D.) and may include u al, topical, parenteral, 
intramuscular, intravenous, sub-cui ;us, transdermal (which may include apenetrav 
enhancement agent), buccal and suppository administration, among other routes of 
administration. Enteric coated oral tablets, as an alternative to soft or hard gelatin capsules, 
may also be used to enhance bioavailability of the compounds from an oral route of 
administration. The most effective dosage form will depend upon the pharmacokinetics of 
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the particular agent chosen as well as the severity of the condition in the patient to be treated. 
Oral dosage forms are particularly preferred, because of ease of adinnistration and 
prospective favorable patient compliance. Creams and lotions are preferred where skin 
conditions, especially wrinkles, are to be treated. Lozenges, gums, mouth rinse and 
toothpaste are preferred where periodontal disease and other conditions of the patient' s gums 
are to be treated. 

To prepare the pharmaceutical compositions according to the present invention, an 

. * » 

effective amount of ubiquionol in combination with a reducing agent and a surfactant or a 
vegetable oil is formulated in gelatin capsules (hard or soft), or in alternative embodiments, is 
intimately admixed with a pharmaceutical^ acceptable carrier according to conventional 
pharmaceutical compounding techniques to produce a dose. A earner may take a wide 
variety of forms depending on the form of preparation desired for administration, e.g., oral or 
parenteral. In preparing pharmaceutical compositions in oral dosage form, any of the usual 
pharmaceutical media may be used. For solid oral preparations such as powders, tablets, 
capsules, and for solid preparations such as suppositories, suitable carriers and additives 
including cyclodestrins, starches, sugar carriers, such as dextrose, mannitol, lactose and 
related carriers, diluents, gi^nulating agents, lubricants, binders, disintegrating agents and the 
like may be used. If desired, the tablets or capsules may be enteric-coated or sustained 
release by standard techniques. The use of these dosage forms may finlh^ increase the 
bioavailability of the compounds in the patient. 

Liposomal suspensions (including liposomes targeted to viral antigens) may also be 
prepared by conventional methods to produce pharmaceutical^ acceptable carriers, especially 
for parenteral delivery. This maybe appropriate for the delivery of free nucleosides, acyl 
nucleosides or phosphate ester pro-drug forms of the nucleoside compounds according to the 
present invention. 

Having generally described the invention, reference is now made to the following 
examples which are intended to illustrate preferred embodiments and comparisons. The 
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inchided examples are not to be construed as limiting the scope of this invention as is more 
broadly set forth above and in the appended claims. 

Example 1 

Oral Dosage Form of Ubiquinol w/Surfactants 

.. This example sets forth a composition and method for providing a soft gelatin capsule 
which relies on the reduction of ubiquinone to ubiquinol utilizing lipid soluble reducing 
agents and the stabilization of the resulting hydroxoluble reduced form in a soft gelatin 
capsule. 

Procedure: 

Mix the following components in a suit<able j acketed mixing vessel: 
Span 80 (1-15%); 

Glycerine, propylene glycol or other suitable polyhydric alcohol (1%-15%); 
Tween80 (20% to 90%); 

Medium Chain Triglycerides (MCI, 5% to 25%). 

After mixing the above components, the mixture is raised in temperature to 
about 55 °C (± 5°) while mixing constantly. 0.5% to about 10% of Coenzyme Q is then 
added to the above heated mix while stirring. The coenzyme Q is thoroughly mixed into 
solution at elevated temperature for a period of from 1-2 hours. Then ascorbyl pabnitate (or 
another suitable reducing agent) is added in an effective amount ranging from about 1% to 
about 15% by weight and the mixture at elevated temperature is stirred for 1 to 2 hours or at 
least until the mixture is a crystal £?; -ar bright orange- indicating that the reduction of 
ubiquinone to ubiquinol is complete. The mixing vessel is then connected to a cooling 
system (cooled water) and while mixing, the heated mixture is cooled to room temperature 
(about 23 °C ± 3°). After the liquid is cooled to room temperature, the mixer is shut down 
and the cooling water is disconnected. The liquid is then transferred to a suitable stainless 
steel drum and the empty space in the drum is flushed with nitrogen. The drum is then 
sealed. The finished liquid is analyzed using HPLC using an electrochemical detector for 
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quantitative determination of ubiquinone and ubiquinoL The liquid is thereafter encapsulated 
in soft gelatin capsules containing an opacifier (TiCy colorant utilizing standard 
manufacturing procedures. 

Hie final gelatin capsule has the following components (in percent by weight 
excluding gelatin capsule): 



, Span 80 5% 

Glycerine 4% 

Tween 80 65% 

MCT 18% 

CoQ,o 4% 

Ascorbyl Palmitate 4% 



Example H 
Alternative Method 

This example sets forth a composition and method for providing a soft gelatin capsule 
which relies on the reduction of ubiquinone to ubiquinol utilizing lipid soluble reducing 
agents and the stabilization of the resulting hydrosoluble reduced form in a soft gelatin 
capsule using vegetable oil. 

Procedure: 

Mix the following components in a suitable j acketed mixing vessel: 

Vitamin E acetate (2-20%); 
Hydroxylated lecithin (2%-20%); 
Phosphatidyl chloline solution (20% to 50%); 

Medium Chain Triglycerides, other suitable vegetable oil (5% to 40%). 
Gelucire (5% to 50%). 

After mixing the above components, the mixture is raised in temperature to 
about 55° C (± 5°) while mixing constantly. 0.5% to about 10% of Coenzyme Q is then 
added to the above heated mix while stirring. The coenzyme Q is thoroughly mixed into 
solution at elevated temperature for a period of about 1 hour. Then ascorbyl palmitate (or 
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another suitable reducing agent) is added in an effective amount ranging from about 1% to 
about 10% by weight and the mixture at elevated temperature is stirred for 1 to 2 hours or at 
least until the mixture is a clear solution- indicating that the reduction of ubiquinone to 
ubiquinol is complete. The mixing vessel is then connected to a cooling system (cooled 
water) and while mixing, the heated mixture is cooled to room temperature as in example 1 . 
After the liquid is cooled to room temperature, 

transferred to a suitable stainless steel drum and the empty space in the drum is flushed with 
nitrogen. The drum is then sealed. Hie finished liquid is analj^ed as in example 1 and 
thereafter encapsulated in soft gelatin capsules containing an opacifier (TiO^ and colorant 
utilizing standard manufacturing procedures. 

The final gelatin capsule has the following components (in percent by weight 
excluding gelatin capsule): 



Vitamine E acetate 6% 

Hy droxylated Lecithin 4% 
Phosphatiyl Choline Solution (52%) 32% 

MCT 20% 

Gelucire 30% 

CoQ 10 4% 

Ascorbyl Pahnitate 4% 



Example HE 

Ubiquinol and Rice Bran or Palm Oil Concentrate Containing 

Tocotrienols and Tocopherols 

This example is directed to the preparation of a stable formulation of a 
reduced form (ubiquinol) of Coenzyme Q10 with a Rice Bran or Palm Oil concentration 
cont ;ig tocotrienols and tocopherols. 

Procedure: mix Tween 80, Span 80, glycerin and palm oil or rice bran oil concentrate in a 
suitable jacketed mixing vessel. After mixing the above components, the mixture is raised in 
temperature to about 55°C (±5°) while mixing constantly. 0.1% to about 10% of Coenzyme 
Q is then added to the above heated mix while stirring. The coenzyme Q is thoroughly mixed 
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into solution at elevated teii^eratere for a period of from 1-2 hours. Then aseorbyl palmitate 
(or another suitable reducing agent) is added in an effective amount ranging ftom about 0.1% 
to about 10% by weight and the mixture at elevated temperature is stirred for 1 to 2 hours or 
at least until the mixture is a crystal clear bright orange- indicating that the reduction of 
ubiquinone to ubiquinol is complete. Alternatively, the palm oil concentrate or rice bran oil 
concentrate may be added after the inMa! reduction re^ After mixing is 

completed, the mixing vessel is then connected to a cooling system (cooled water) and while 
mixing, the heated mixture is cooled to room temperature (about 23 °C ± 3°). After the 
liquid is cooled to room temperature, the mixer is shut down and the cooling water is 
disconnected. The liquid is then transferred to a suitable stainless steel drum and the empty 
space in the drum is flushed wilbnitro The drum is then sealed. The finished liquid is 
analyzed using HPL.C using an electrochemical detector for quantitative determination of 
ubiquinone and ubiquinol. The liquid is thereafter encapsulated in soft gelatin capsules 
containing an opacifier (Ti0 2 ) and colorant utilizng standard manufacturing procedures. 
Alternatively, the liquid may be encapsulated in a two piece hard gelatin capsule. 



The final gelatin capsule has the following components (in percent by weight 
excluding gelatin capsule!): 

Range Typical Tx Wt Percent 

(0.1% - 10%) Coenzyme Q10 3.33% 

% - 50%) Tween 80 70.74% 

.5% - 15%) Span 80 5.09% 

(0. 1% - 10%) Aseorbyl Palmitate 3.63% 

(0.1% - 10%) Glycerin 3.55% 

% - 90%) Palm Oil Concentrate or Rice Bran 13.65% 

Oil Concentrate (source of mixed 1 00.00% 
tocotrienols and tocopherols) 



1 . The use of ubiquinol improves bioavailability of Coenzyme Q10. 

2. Reduced form of Coenzyme Q10 provides an active, antioxidant form of CoQIO. 

3 . Inclusion of tocotrienols and tocopherols are naturally derived from Palm Oil or 
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Rice Bran Oil. 

4. Combination of CoQIO and toeotrienols/tocophero^ is particularly useful in 
reducing elevated cholesterol levels. 

Example IV 

Ubiquinol with Omega-3 Fatty Acids and Docosa^e^ ^mic Acid (DHA) from 
Fish Body Oil Concentrate and/or Flaxseed Ou and/or Algae 

This example is directed to the preparation of a stable fomiulation of a hydrosoluble 
reduced form (ubiquinol) of Coenzyme Q10 with Omega-3 Fatty Acids from fish body oil 
and/or flaxseed oil and/or algae. 

Procedure: mix Tween 80, Span 80, glycerin or propylene glycol, medium chain triglycerides 
and fish oil concentrate in a suitable jacketed mixing vessel. After mixing the above 
components, the mixture is raised in temperature to about 55 °C (+ 5 °) while mixing 
constantly. 0.1% to about 10% of Coenzyme Q is then added to the above heated mix while 
stirring. The coenzyme Q is thoroughly mixed into solution at elevated temperature for a 
period of from 1-2 hours. Then ascorbyl palmitate and vitamin E acetate (or vitamin e or 
mixed tocopherols or another suitable reducing agent) is added and the mixture at elevated 
temperature is stirred for 1 to 2 hours or at least until the mixture is a crystal clear bright 
orange- indicating that the reduction of ubiquinone to ubiquinol is complete. Alternatively, 
the fish oil concentrate, flaxseed oil or algae derived omega-3-fatty ack ray be added after 
the initial reduction reaction takes place. After mixing is completed, the mixing vessel is then 
connected to a cooling system (cooled water) and while mixing, the heated mixture is cooled 
to room temperature (about 23 °C ± 3°). After the liquid is cooled to room temperature, the 
mixer is shut down and the cooling water is disconnected. The liquid is ±tm transferred to a 
suitable stainless steel drum and the empty space in the drum is flushed with nitrogen. The 
drum is then sealed. The finished liquid is analyzed using HPLC using an electrochemical 
detector for quantitative determination of ubiquinone and ubiquinol. The liquid is thereafter 
encapsulated in soft gelatin capsules containing an opacifier (Ti0 2 ) and colorant utilizng 
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standard mairafaoturmg procedures. Alternatively; the liquid may be encapsulated in a two 
piece hard gelatin capsule. 

The final gelatin capsule has the following components (in percent ;by weight 
excluding gelatin capsule): 



Range Ty pical Tx Wt. Percent 

.« 

(0.1% - 10%) Coenzyme Q10 1.53% 

(5% - 50%) Tween 80 30.64% 

(0.5% - 15%) Span 80 2.34% 
(0. 1 - 25%) Vitamin E Acetate 

- • 

1.22% 

(0.1% - 10%) Ascorbyl Pahnitate 1.53% 

(0.1% -25%) Medium Chain Triglycerides 5.35% 

(0.1% - 10%) Glycerin or Propylene Glycol 1.63% 

(10% - 90%) Fish Oil Concentrate 55.75% 

(Rich in Omega-3 fatty acids) 100.00% 



Advantages 

1. The use of ubiquinol improves bioavailability of Coenzyme Q10. 

2. Reduced form of Coenzyme Q10 provides an active, antioxidant form of CoQlfr 

3 . Inclusion of fish oil concentrate/flaxseed oil and/or DHA (algae derived) in dosage 

form 

Providing improved bioavailability. 

4. Combination of CoQl 0 and omega-3 fatty acids capable of 
Treating cardiomyopathies, high blood pressure, with combined reduction 

In levels of triglycerides in the blood. 

Example V 

Ubiquinol Intensive Anti-Wrinkle Soft Cream with Alpha-Hydroxy Acids 
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Active 
Base 



ient: 
snts: 



IJbidecarenone (Coenzyme Q l0 ) 

Sorbitan Monooleate MF 

Glycerin 



Po >v>Drbate80NF 
D-Alpba l^c^pfaerol Cone. F.C.G. 

Aseorbyl palmitate (% aseorbyl palmitate > % of ubiquinone in sam 
Medium Chain Triglycerides 
FnVTTOR 370 (Glyceryl Stearate Citrate) 
M LYOL 812 (Caprylic/Capric Triglyceride 
->\ ri3AN601 (Glycerol Cocoate and HydrogeM 



pie) 



4J 

EW ALAN ODE-50 (Octyldodecyl Lanolaet) 
Pronalen Fuir Acid AHA-5 (Lemon 



Water 



8 811 



Procedure: mix sorbitan monooleate NF 9 polysorbate 80 NF, glycerin and medium chain 
triglycerides in a suitable jacketed mixing vessel. After mixing the above 
mixture is raised in temperate about 55 °C (± 5 p ) while mixing cons 
10% of C >enzyme Q is then added to the ^ 

a 



s, 

. 0.1% to about 
coenzyme Q 

is thoroiighly mixed into solution at elevated temperature for a period of from 1-2 hours. 



Then the alpha tocopherol and a^^ 

and the mixture at elevated ^ 1 to 2 hours or at least until the mixture 

is a crystal clear bri^ orange- ind^ of ubiquinone to ubiquinol is 

complete. The remaining components are added thereafter at elevated temperature in order to 
ensure a uniform product. The product (a cream) may be packaged using standard packaging 



Example VI 

Ubiquinol Suppository Formula (^ctal/^ M^mal) 



Active Ingredient: Ubidecarenone (Coenzyme Q, 0 ) 

Base Ingredients: Covitol F 1000 

Aseorbyl Palmitate 
Span 80 NF 
Tween 80 NF 
Glycerin USP 
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Medium Chain Triglycerides 
Sofitisan 378 
Softisan 100 

Exemplary Procedure: mix Span 80 and Tween 80, glycerin and medium chain triglycerides 
in a suitable jacketed mixing vessel. After mixing the above components, the mixture is 
raised in temperature to about 55 °C (± 5 °) while mixing constantly. 0,1% to about 10% of 
Coenzyme Q is then added to the above heated mix while stirring. The coenzyme Q is 

* 

ihorou^ily mixed into solution at elevated temperature for a period of torn 1-2 hours. Then 
the ascorbyl palmitate (or other suit^le rediujing agmt) is added and the mixture at elevated 
temperature is stirred for 1 to 2 hours or at least until the mixture is a crystal clear bri^ 
orange- indicating that the reducticm of ubiquinone to ubiquinol is complete. The remaining 
components are added thereafter at elevated temperature in order to ensure a uniform product. 
The thorough formed into suppositories using standard procedures. 

Example VII 
Ubiquinol Suppository Formula (RectalA^aginal) 

Active Ingredient: IJbidecarenone (Coenzyme Q 10 ) 

Base Ingredients: Covitol F 1000 

Ascorbyl Palmitate 
Span 80 NF 
Tween 80 NF 
Glycerin USP 

Medium Chain Triglycerides 
WITEPSOL H-32 

Exemplary Procedure: mix Span 80 and Tween 80, glycerin and medium chain triglycerides 
in a suitable jacketed mixing vessel. After mixing the above components, the mixture is 
raised in temperature to about 55 °C (± 5°) while mixing constantly. 0.1% to about 10% of 
Coenzyme Q is then added to the above heated mix while stirring. The coenzyme Q is 
thoroughly mixed into solution at elevated temperature for a period of from 1-2 hours. Then 
the ascorbyl palmitate (or other suitable reducing agent) is added and the mixture at elevated 
temperature is stirred for 1 to 2 hours or at least until the mixture is a crystal clear bright 
orange- indicating that the reduction of ubiquinone to ubiquinol is complete. The remaining 
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components are added thereafter at Novated ^ ensure a uniform product 

The thoroughly mixed pra using standard procedures. 

Example Vm 
Ubiquinol Toothpaste 

Active Ingredient: IJbidecarenone (Goen2yme Q 10 ) 

Base Ingredients: SoihitanMo^ 

Glycerin USP 
Polysorbate 80 NF 
D-Alpha Tocopherol Gone. F.C.C. 

Ascorbyl pahnitate (wt. % ascorbyl pahnitate. > % of ubiquinone) 
Medium Chain Triglycerides 
Purified Water 
Hydrated Silica 

Sorbitol 

Tetr^p otassium Pyrophosphate 
PEG-6 

Disodium Pyrophosphate 
Tetrasodium Pyrophosphate 

Sodium kauryl Sulfate 

Flavor 

Xanthan Gum 
Sodium Saccharin 
Carbomer 956 
FD&CNo. 1 

Exemplary Procedure: mix Sorbitan Monooleate ana Polysorbate 80, glycerin and medium 
chain triglycerides in a suitable jacketed mixing vessel. After mixing the above components, 
the mixture is raised in temperature to about 55 °C (± 5°) while mixing constantly. 0.1% to 
about 10% of Coenzyme Q is then added to the above heated mix while stirring. The 
coenzyme Q is thoroughly mixed into solution at elevated temperature for a period of from 1- 
2 hours. Then the alpha tocopherol and ascorbyl pahnitate (or other suitable reducing agent) 
are added and the mixture at elevated temperature is stirred for 1 to 2 hours or at least until 
the mixture is a crystal clear bright orange- ii u mating that the reduction of ubiquinone to 
ubiquinol is complete. The remaining components are added thereafter at elevated 
temperature (thickeners to be added last to provide paste-like viscosity) in order to ensure a 
uniform toothpaste product. The thoroughly mixed product may be packaged in tubes using 
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standard proeedures. 
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Example IX 
Ubiquinol Toothpaste Alternative 1 

Active Ingredient: Ubidecarenone (Coenzyme Q, 0 ) 

Base ingredients: Sorbitan Monooleate MF 

Glycerin USP 
Polysoirbate 80 NF 
D-Alpha Tocopherol Cone. F.C.C. 

Ascorbyl palmitate (wt. % ascorbyl palmitate > wt. % ubiquinone) 

^tom Chain Triglyce^ 
Parified Water 
Calcium Carbonate 
Calcium Carageenan 
Cellulose Gum 
Sorbitol 
PEG-8 

drated Silica 
Sodium Lauryl Sulfate 
Flavor 

Sodium Saccharin 
Sorbitol 

Sodium Benzoate 
D & C Red #30 Lake 
Yellow #10 Lake 
FD&C Blue #1 Lake 

Titanium Dioxide 

Exemplary Procedure: mix Sorbitan Monooleate and Polysorbaie 80, glycerin and medium 
chain triglycerides in a suitable jacketed mixing vessel. After mixing the above components, 
-F-the mixture is raised in temperature to about 55 °C (±5°) while mixing constantly. 0.1% to 
about 10% of Coenzyme Q is then added to the above heated mix while stirring. The 
coenzyme Q is thorough; xed into solution ■■■■ ' elevated temperature for a period of from 1- 
2 hours. Then the alpim pherol and ascorr: 

are added and mixture at elevated temperature is stirred for 1 to 2 hours or at least until 
the mixture is a crystal clear bright orange- indicating that the reduction of ubiquinone to 
ubiquinol is complete. The remaining components are added thereafter at elevated 
temperature (thickeners to be added last to provide paste-like viscosity) in order to ensure a 
uniform toothpaste product. The thoroughly mixed product maybe packaged in tubes using 
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standard procedures. 

Example X 
Ubiquinol Toothpaste Alternative 2 

Active higredient: IJbideearenone (Coenzyme Q 10 ) 

Base Ingredients: Soibitan MonooleateNF 

Glycerin USP 
Polysorbate 80 NF 
D-Alpha Tocopherol Cone. F.C.C. 

Ascorbyl palmitate (wt. % ascorbyl palmitate > wt. % ubiquinone) 
Medium Chain Triglycerides 
Purified Water 

Dicalcium Phosphate Dihydrate 
Sorbitol 

Tetrasodium Pyrophosphate 
Sodium Lauryl Sulfate 
Flavor 

Sodium Saccharin 
Cellulose Gum 



Exemplary Procedure: mix Sorbitan Monooleate and Polysorbate 80, glycerin and medium 
chain triglycerides in a suitable jacketed mixing vessel. After mixing the above components, 
the mixture is raised in temperature to about 55 °C (± 5°) while mixing constantly. 0.1% to 
about 10% of Coenzyme Q is then added to the above heated mix while stirring. The 
coenzyme Q is thoroughly mixed into solution at elevated temperature for a period of from 1 
2 hours. Then the alpha tocopherol and ascorbyl palmitate (or other suit^le reducing agent) 
are added and the mixture at elevated temperature is stirred for 1 to 2 hours or at least until 
the mixture is a crystal clear bright orange- indicating that the reduction of ubiquinone to 
ubiquinol is complete. The remaining components are added thereafter at elevated 
temperature (thickeners to be added last to provide paste-like viscosity) in order to ensure a 
uniform toothpaste product. The thoroughly mixed product may be packaged in tubes using 
standard procedures. 
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It is to be understood by those skilled in the art that the JbregoiBg description and examples 
are illustrative of practicing the present invention, but are in no way limiting. Variations of 
the detail presented herein may be made without departing from the spn^ and scope of the 
present invention as defined by tte 
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Claims: 

1 . A composition comprising ubiquinol and an amount of a reducing agent effective 
to reduce or eliminate the oxidation of said ubiquinol to ubiquinone; said composition further 
comprising an amount of a surfactant or vegetable oil or mixtures, thereof and optionally, a 
solvent effective to solubilize said ubiquinol and said reducing agent. 

2. The composition according to claim 1 wherein said reducing agent is selected from 
the group consisting of reduced glutathione, L-cysteine, N-aeetyl cysteine, reduced alphas 
lipoic acid, tocotrienols, tocopherols, vitanm vitamin E esters, vitamin c, vitamin c esters, 
vitamin A (retinol, retinoic acid), vitamin A esters, alpha carotene, beta carotene, lutein, 
zeaxanthin, astaxaothiii/1^ L-earnitine, acetyl L-carnitine, propionyl L- 
eariritine, magnesium, zinc, selenium, manganese, riboflavin, niacinamide, curcuminoids, 
proanthocyanidins, NADH, 1SIADPH, resveratrol, bilberry extract, milk thistle extract, retinol, 
retinoic acid, retinoic acid esters, retinal, omega-3-fatty acids and mixtures, thereof 

3. The composition according to claim lor 2 wherein said reducing agent is selected 
from the group consisting of a-tocopherol, tocopherol esters, ascorbate esters, alpha carotene 
and P-carotene, lycopene, flavonoids, riboflavin, curcmminoids, retinol (Vi^miD. j^ 9 retinoic 
acid, retinoic acid esters, retinol acetate, retinal and mixtures, thereof. 

4. The composition according to any of claims 1 -3 wherein said surfactant is selected 
from the group consisting of complex ester or ester-ether surfactants prepared from 
hexahydric alcohols, alkylene oxides and fatty acids, polysorbate surfactants and mixtures 
thereof 

5 . The composition according to claim 4 wherein said complex ester or ester-ether 
surfactant is a compound according to the structure: 
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y \ 

HO A OH 




OCOR 



R - Fatty acid residues 



where R is a fetty acid residue selected from lauroyl, stearoyl and oleoyl. 



6. The composition according to ;;iaim 5 wherein Ris oleoyl. 



7. The composition according to any of claims 1-4 wherein said surfactant is a 
polysorbate surfactant according to the structure: 



HO(C 2 H 4 0 ) w 




^(OCzH^OH 



CT[(OC 2 H40) y OH 



where R is an oleoyl group. 



8. The composition according to any of claims 1-4 wherein said surfactant is a 
mixture of a complex ester or ester-ether surfactant prepared from hexahydric alcohols, 
allcylene oxides and fatty acids and a polysorbate surfactant. 
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9. The composition according to claim 8 wherein said complex ester or estei>ether 
surfactant is a compound according to the structure: 




CH 2 OCOR 



) v 

HO "OH 



HO 




OGOR 



R = Fatty acid residues 



where R is a &tty acid residue selected ikma laur^ 



10. The composition according to claim 8 wherein said polysorbate surfactant is a 
compound according to the structure: 



HO(C 2 H 4 0 ) w 




x ,(OC 2 H 4 0) x OH 



G 



CH(OC 2 H 4 0) y OH 



H 2 C(OG 2 H 4 0) z R 



where R is an oleoyl group. 



1 1 . The composition according to any of claims 1-10 wherein said vegetable oil 
comprises medium chain triglycerides. 
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12. The composition according to any of claims 1-1 0 wherein said vegetable oil is 
selected from tlie gix^ consisting of soybean oil, sunflower oil, safflower oil, cottonseed 
oil, castor ml, rapeseed oil, coconut oil, palm oil and mixtures Ibereof.. 

13. The composition according to any of claims 1-12 further comprising an effective 
amount of a HMG ^ 

14. The composition according to claim 13 wherein said inhibitor drug is a statin 
drug selected from the group consisting of lovastatin, pravastatin, fluvastatin, simvastatin, 
mevastatin, fluindostatin. 

15. The composition accordmgto aaay of cjsims 1-14 further compiisittg an elective 
amount of alpha lipoic acid. 

* 

16. The composition according to any of claims 1-15 wherein said reducing agent is 
an omega^-3 fatty acid or mixture of omegas-fatty acids. 

17. The composition according to any of claims 1-15 wherein said reducing agent is 
selected from the group consisting of tocotrienols, tocopherols and mixtures, thereof. 

18. The composition according to any of claims 1-2 and 4-15 herein said reducing 
agent is selected from the group consisting of L-carnitine, acetyl L-eamitine, propionyl L- 
carnitine and mixtures, thereof. 

19. The composition according to any of claims 1-18 wherein said solvent is ethanol 
or a polyhydric alcohol selected from the group consir rh •- ; of glycerin, propylene glycol and 
mixtures thereof. 

20. The composition according to any of claims 1-19 in pharmaceutical dosage form. 



MSDOCID: <WQ 



0152822A1J > 



WO 01/52822 



PCT7USG1/01997 



-38- 

21. The composition according to any of claims 1-19 in parenteral dosage form. 

22. The composition according to any of claims 1-19 in topical dosage form. 

23. The composition according to any of clato 1-19 and 22 which is formulated into 
a cream or lotion for dermal application. 

* 

24. The composition according to any of claims 1-19 and 20 which is formulated into 
a lozenge, gum, mouth rinse or toothpaste. 

25. The composition according to any of claims 1-19 which is further formulated into 
a suppository. 

27. A composition in oral dosage form comprising: ubiquinol; an amount of a 
reducing agent effective to reduce or eliminate the oxidation of said ubiquinol to ubiquinone; 
and an amount of a surfactant, a vegetable oil or mixture, thereof and optionally, a solvent, 
effective to solubilize said ubiquinol and reducing agent, said oral dosage form being 
formulated into a gelatin capsule or tablet. 

28 . The composition according to claim 27 wherein said reducing agent is selected 
from the group consisting of reduced glutathione, L-cysteine, N-acetyl cysteine, reduced 
alpha-lipoic acid, tocotrienols, tocopherols, vitamin E, vitamin E esters, vitamin c, vitamin c 
esters, vitamin A (retinol, retinoic acid) and vitamin A esters, alpha carotene, beta carotene, 
lutein, zeaxanthin, astaxanthin, lycopene, flavonoids, L-carnitine, acetyl L-carnitine, 
propionyl L-carnitine, magnesium, zinc, selenium, manganese, riboflavin, niacinamide, 
curcuminoids, proanthocyanidins, NADH, NADPH, resveratrol, bilberry extract, milk thistle 
extract, retinol, retinoic acid, retinoic acid esters, retinal, omega-3 -fatty acids and mixtures, 
thereof. 

29 . The composition according to either claim 27 or 28 wherein said reducing agent 
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is selected from Hie group consisting of a-tocopherol, tocopherol esters, ascorbate esters, 
alpha carotene and |5-carotene, lycopene, flavonoids, riboflavin, eiircuminoids, retinol 



* > * 



. * 



30. The composition according to any of claims 27-29 wherein said surfactant is 

ester or 

hexahydric alccdiols, ^kylene oxides and fatty acids, polysorbate surfactants and mixtures 



31. The composition according to any of claims 27-30 wherein said complex ester or 
ester-ether surfactant is a compoimd according to the structure: 




CH2OCOR 



^CHOHCH 2 OCOR 




HO OH 



HO 




OCOR 



R = Fatty acid residues 



where R is a fatty acid residue selected from lauroyl, stearoyl and oleoyl. 



32. The composition according to any of claims 31 wherein R is oleoyl. 



33. The composition according to any of claims 27-30 wherein said surfactant is a 
polysorbate surfactant according to the structure: 
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H 2 G(0e2H40) 2 R 

where R is oleoyL 

34. The composition according to any of claim 27-30 wherein said surfactant is a 
mixture of a complex ester or ester-ether surfactant prepared from hexahydric alcohols, 
alkylene oxides and fatty acids and a polysorbate surfactant. 

35. The composition according to claim 34 wherein said complex ester or ester-ether 
surfeetaeant is a compound according to the structure: 




R =* Fatty acid residues 



where R is a fatty acid residue selected from lauroyl, stearoyl and oleoyL 

36. The composition according to claim 34 wherein said polysorbate surfactant is a 
compound according to the structure: 
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where .R is anoleoyl group. . 

37. The composition aeeoniiiig to ai^ 
comprises medium chain triglycerides. 

38. Hie composition according to any of claims 27-36 wherein said vegetable oil is 
selected from the group consisting of soybean oil, sunflower oil, safflower oil, cottonseed 
oil, castor oil, rapeseed oil, coconut oil, palm oil and mixtures thereof 

39. The composition according to any of claims 27-38 further comprising an effective 
amount of a HMG CoA reductase inhibitor drug. 

40. The composition according to claim 39 wherein said inhibitor ch^ 

drug selected from the group c listing of lovastatin, pravastatin, fluvastatin, simvastatin, 
mevastatin, fiuindostatin. 

41. The composition according to any of claims 27-40 further comprising an effective 
amount of alpha lipoic acid. * 

42. The composition according to any of elair :7-28 and 30-41 wherein said 
reducing agent is an omega-3 fatty acid or mixture of omega-3-fatty acids. 

43. The composition according to any of claims 27-28 and 30-41 wherein said 
reducing agent is selected from the group consisting of tocotrienols, tocopherols and 
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44. The composition according to claims 27-28 and 30-41 wherein said reducing 
agent is selected from the group consisting of I^camitine, acetjd-L-cainitine, propionyl L- 
carnitine, carnitine fi^^ thereof. 

: 45 . The composition according to any of claims 27-44 wherein said solvent is ethanol 
or a polyhydrie alcohol selected ftom the group consisting of glycerin, propylene glycol and 
mixtures thereof. 

46. A method of preparing a composition in pharmaceutical dosage form comprising 
an effective amount of ubiquinol, said method comprising: 

i. Solubilizing ubiquinone in a mixture comprising at least one solubilizer selected 
ftom the group consisting of a surfactant, a vegetable oil and mixtures thereof, and optionally, 
a solvent, at elevated temperature to form a solution; 

ii. Adding to the solution in step i an amount of a reducing agent effective to reduce 
ubiquinone to ubiquinol; and 

iii. Adding said solution containing an effective amount of ubiquinol of step ii to a 
hard or soft gelatin capsule to produce an oral dosage form or to pharmaceutical^ acceptable 
additives, carriers or excipients to provide a dietary supplement or cosmetic or 
pharmaceutical composition. 

47. The method according to claim 46 wherein said solution in step iii is added to a 
soft gelatin capsule. 

48. The method according to claim 46 or 47 wherein said surfactant is selected from 
the group consisting of complex ester or ester-ether surfactants prepared from hexahydric 
alcohols, allcylene oxides and fatty acids, polysorbate surfactants and mixtures thereof. 

49. The method according to claim 48 wherein said complex ester or ester-ether 
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surfactant is a compound according to the structure: 




R « Fatty acid residues 



where R is a fatty acid residue selected from lauroyl, stearoyl and oleoyl. 



50. The method according to claim 49 wherein R is oleo 



51. The method according to any of claims 48 wherein said surfactant is a 
polysorbate surfactant according to the structure: 



ho(c 2 h 4 o ) w 




xN (OC 2 H 4 0) x OH 



where R is oleoyl. 



52. The method according to any of claims 46-48 wherein said surfactant is a mixture 
of a complex ester or ester-ether surfactant prepared from hexahydric alcohols, alkylene 
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oxides and fatty acids and a polysorbate surfectant. 

53. The method according to claim 52 wherein said complex ester or ester-ether 
surfactaeant is a cx>mpomd accordm 




R- Fatty acid residues 



where R is a fktty acid residue selected from lauroyi, stearoyl and oleoyl. 



54. The method according to claim 52 or 53 wherein said polysorbate surfactant is a 
compound according to the stocture: 



HO(C 2 H40 ) w oN (OC 2 H 4 0) x OH 




CT(OG 2 H40) y OH 



H 2 C(OC 2 H 4 0) z R 



where R is an oleoyl group. 

55 . The method according to any of claims 46-54 wherein said vegetable oil 
comprises medium chain triglycerides. 
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56. The composition according to any of claims 46-54 wherein said vegetable oil is 
selected from the group consisting of soybean oil, sunflower oil, safSower oil, cottonseed 
oil, castor oil, rapeseed oil, coconut oil, palm oil and mixtures thereof . 

57. The method according to any of claims 46-56 wherein said solvent is selected 
from the group consisting of ethanol, propylene glycol, glycerin and mixtures, thereof. 

■ * 

58. The method according to any of claims 46-57 wherein said composition is in 
parenteral dosage form. 

59. The method according to 46-57 wherein said composition is in 
topical dosage form. 

60. A method for increasing the bioavailability of ubiquinone frron an orally or 
topically administered corriposition comprising admimstering to a sul^ect a composition 
comprising an effective amount of ubiquinol in oral or topical dosage Mn. 

61. The method according to claim 60 wherein said composition is storage stable and 
further comprises an amount of a reducing agent effective to reduce or prevent the oxidation 
of ubiquinol to ubiquinone. 

62. A method ofpreparing a storage stable composition m oral ^ . 
comprising an effective amount of ubiquinol, said method comprising preparing a mixture of 
ubiquinol in combination with an amount of a reducing agent effective to reduce or prevent 
the oxidation of ubiquinol to ubiquinone during storage of said composition and a solubilizer, 
and adding said mixture to a hard or soft gelatin capsule, or to pharmaceutical^ &c oeptable 
additives carriers or excipients. 

63. The method according to claim 68 wherein said mixture is in the form of a 
solution and said solution is added to a soft gelatin capsule. 
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64. A method of treating a condition or disease in a patient, said condition or disease 
being selected from the group consisting of congestive heart failure, high blood pressure, 
mitochondrial cytopathy, anoxia, lactic acidosis, stiokelike symptc^ 

diseases, said method comprising administering an effective amount of uMquinoI to said 
patient in oral dosage form. 

65. The method according to claim 64 wherein said mitochondrial cytopathy is 
mitochondrial encephalopathy, Kearns-Sayre disease, Alpers disease, mitochondrial 
encephalopathy with lactic acidosis and stroke-like episodes (MELAS) and Levers hereditary 
optical neuropathy (LHON). 

66. A method of treating a condition or disease state in a patient, said condtion or 
disease state being selected from the group consisting of periodontal disease, elevated 
cholesterol levels, elevated triglyceride levels and a weakened immune system, said method 
comprising administering to said patient in need thereof^ an effective amount of a 
composition comprising ubiquinol and a reducing agent, said composition being substantially 
ubiquinone-free. 

67. A method of preventing or reducing the likelihood of a patient at risk of suffering 
a first or subsequent heart attack from having a heart attack, said method comprising 
administering to said patient in need thereof, an effective amount of a composition 
comprising ubiquinol and a reducing agent, said composition being substantially ubiquinone- 
free. 

68 . The method according to clailm 67 wherein said composition further comprises a 
compound selected from the group consisting of statins, tocotrienols, tocopherols, omega-3 
fatty acid and mixtures thereof 

69. A method of treating anoxia in a patient in need thereof comprising administering 
to said patient in need an effective amount of a composition comprising ubiquinol, a reducing 
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agent and L-carnitine, acelyi^Hsarnitiiie, propionyl I^amitine or carnitine fumarate, said 
composition being nbiquinone-firee. 

70. The method according to claim 68 wherein said reducing agent is I^eaimitine or 
acetyl-L-canritine. 

71. Use of r composition^ 

condition selecto : :;m the group consisting of congestive heart failure, high blood pressure, 
mitochondrial cytqpaihy, anoxia, lactic acidosis, strokelike symptoms, neurodegenerative 
diseases, said composition comprising a mixture of ubiquiool in combination with an amount 
of a reducing agent effective to reduce or prevent the oxidation of ubiquinol to ubiquinone 
during storage of said composition mx& an effective amount of a solubilizer, optionally 
including a solvent. 

72. The use according to claim 71 wherein said mitochondrial cytopathy is 
mitochondrial encephalopathy, Kearns-Sayre disease, Alpers disease, mitochondrial 
encephalopathy with lactic acidosis and stroke-like episodes (1MQSLAS) and Levers hereditary 
optical neuropath r XHON). 
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